SUMMARY Glaucoma affected the ability to detect low-contrast, flickering patterns ('DRC' measurement). DRC patterns were foveally viewed, of low spatial frequency, and flickering at 8 hertzInterocular comparisons were performed in control subjects, in ocular hypertensives, and in glaucoma patients with asymmetric damage. Interocular differences in DRC tended to be of greater magnitude in the glaucoma patients than in the ocular hypertensive patients or control subjects. In the glaucoma patients DRC was consistently lower in the eye with the greater field defect than in the other (more normal) eye. In patients with optic disc asymmetry DRC was lower in the eyewith the more abnormal disc. Treatment asymmetries did not appear to play a significant role in these relationships. When examined by interocular comparisons DRC showed no consistent relationship to Snellen visual acuity or to level of intraocular pressure at the time of DRC testing.
The early stages of glaucomatous visual damage are generally detected outside of the central 5-10°of the visual field. As long as Snellen acuity remains good, it is ordinarily assumed that vision in the central field has not yet been affected by the disease process. However, we have found' abnormalities of central vision in glaucoma patients who had normal Snellen acuities. These abnormalities occurred in a variable named the 'dynamic response coefficient' or DRC, which is based on the contrast required for the detection of flickering patterns. Two types of stimuli, a homogeneous flickering field, and a counterphase flickering grating of low spatial frequency, were presented on a centrally fixated screen 40 of visual angle in diameter. The mean contrast sensitivity of these 2 stimuli (defined as the DRC) was consistently lower in glaucomatous than in normotensive eyes. Thus there appeared to be a relationship between central retinal performance, as measured by the DRC, and the more peripheral visual field defects detected by Goldmann kinetic perimetry.
Glaucomatous damage commonly occurs in one eye earlier than in the other. We examined interocular DRC differences in patients with asymmetrical The psychophysical testing method has been described previously.' The DRC test employes 2 stimulus conditions: 'diffuse flicker' and 'counterphase flicker'. In the diffuse flicker condition the subject viewed a blank, evenly illuminated screen. Its luminance changed abruptly back and forth between 2 levels at a rate of 8 hertz. In the counterphase flicker condition the stimulus was a grating pattern of dark and light bars with a sinusoidal luminance profile and a spatial frequency of 1 2 cycles per degree. That is, the 4-degree stimulus-field contained 5 cycles of the sinusoidal grating pattern, which means there were 5 dark bars and 5 light bars on the screen at a given moment. This is a relatively coarse grating. It was temporally modulated at a rate of 8 hertz: 16 times per second the pattern reversed, i.e., each dark bar changed abruptly into a bright one, and vice versa.
While mean luminance remained constant during each test, contrast was varied. Contrast is defined as the ratio of the difference between peak and mean luminance of the test screen to its mean luminance, or equivalently, as (Lmax -Lmin)/(Lmax + Lmin), where Lmax is the highest level of luminance in the test pattern, and Lmin is the lowest.
The contrast thresholds of each subject were measured both for the diffuse flickering field and for the counterphase grating, as will be described, and used to derive the corresponding contrast sensitivities.
Contrast thresholds were determined by a method of 'constant stimuli'. The flickering stimulus was presented at a given contrast level for a duration of 4-6 seconds and the subject was asked whether or not he saw the pattern (flicker or grating). Then the contrast was changed and the stimulus was presented again. Between presentations the subject looked at a blank screen with luminance matched to that of the test screen. Each contrast change was made at random, either upwards or downwards, and by an increment of 2 decibels (db) or some multiple of 2 db. The first few presentations were used tos bracket the threshold, and the subsequent presentations were restricted to a 10 db interval containing the threshold. In general, 4 independent replications were performed at each of the discrete contrast levels within this interval. The contrast threshold for diffuse flicker was the minimum contrast at which the subject detected the flicker on about half of the presentations. The reciprocal of this threshold was the contrast sensitivity to diffuse flicker. The contrast threshold for the counterphase flickering grating was the minimum contrast at which the subject detected the bar pattern on about half the presentations, and the grating contrast sensitivity was the reciprocal of this latter contrast threshold. Each such sensitivity determination took about 4-5 minutes.
The average of the diffuse flicker contrast sensitivity and the counterphase grating contrast sensitivity has been named 'dynamic response coefficient' or DRC.1 The DRC may be viewed as a crude estimate, obtained at a temporal modulation frequency of 8 hertz, of the low spatial frequency end of the foveal contrast sensitivity curve. DRC was measured on a logarithmic scale in decibels. If the DRC& of the 2 eyes differ by 6 db, then the contrasts required by one eye are double those required by the other.
Results
In the glaucoma patients with asymmetric visual field damage DRC differences between the right and left eye tended to be larger than in the ocular hypertensives or the control subjects (Fig. 1) . Although many from the latter 2 groups had interocular DRC differences as large as 2 db, only 1 from each had a difference as large as 3 db. None of the control or OHT interocular differences was as large as 4 db, but more than half the POAG interocular differences were of this magnitude or larger (P<0 01, chi square).
The direction of the DRC asymmetry was then examined in relation to the direction of asymmetry of 4 other variables: field loss (Fig. 2, 1st column) ; optic disc morphology (2nd column); visual acuity (3rd column); and intraocular pressure (LOP) (4th column). In the patients with unilateral visual field loss the direction of field-loss asymmetry was obvious. In patients with visual field losses in both eyes the criteria were as follows. It was assumed that the eye with the more constricted field, and/or with more and/or larger scotomata, and/or with scotomata that more closely encroached upon the foveal part of the field, is the one with the greater visual field damage. Further, one eye was considered more abnormal than the other with respect to optic disc morphology (2nd column) if its cup/disc ratio was greater than the other eye's by 0 2 or more, with respect to visual acuity (3rd column) if its (Fig. 2, second column) ; the DRC was never higher and was usually lower in the eye with the more abnormal optic nerve head (P<0001 by sign test).
The relations of DRC to 2 other variables were examined in the same way. Interocular DRC differences were not significantly associated with interocular differences in Snellen visual acuity. The eye with poorer Snellen acuity might have a DRC either higher or lower than its fellow eye. This is shown in the third column of Fig. 2 , where ADRC is in some instances above and in others below zero. Similarily, the IOP measured at the time of the DRC test does not appear to be a main determinant of DRC, since the DRC of the eye with the higher pressure was in some instances above and in others below that of the fellow eye (Fig. 2, fourth column) .
The observed pattern of interocular differences in DRC could not be accounted for by pharmacological effects at the time of testing. Of the 17 POAG patients the majority were receiving either no glaucoma medication (7 patients) or the same medication in both eyes (5 patients). There were only 5 instances in which one eye was receiving drug therapy different from the other. Three were unilateral POAG patients who used epinephrine drops in the eye with the glaucomatous visual field damage (their ADRC magnitudes were 4 0, 4 5, and 5.5 db). The remaining 2 were unilateral POAG patients who used multiple medications, with pilocarpine only in the eye without visual field damage (ADRC magnitudes were 2 and 15 db); for these 2 patients the visually more normal but pilocarpinemedicated eye had a smaller pupil and lower retinal illumination than the glaucomatous eye. Nevertheless, in these as in all except 1 of the other POAG patients DRC was lower in the eye with greater glaucomatous visual field damage.
Discussion
Interocular DRC disparities (I ADRCI) tended to be larger in the asymmetric POAG patients than in control subjects. Interocular disparities are common in POAG, and increased magnitudes of asymmetry are sometimes clues to pathology. Interocular differences in IOP are often abnormally large in glaucoma patients.2 In diagnosing glaucoma, optic disc asymmetry2 [3] [4] [5] [6] or afferent asymmetry of pupillary response7 may be significant even in the absence of definite glaucomatous defects. It may be that DRC asymmetry can be included as another such diagnostic sign of POAG. It remains to be seen whether abnormally large interocular DRC disparities will occur in glaucoma patients who do not otherwise manifest clinical asymmetry.
The interocular DRC differences of OHT patients were indistinguishable from those of control subjects (Fig. 1) 
